SurePath specimens from women referred to colposcopy were treated with Aptima Transfer Solution (ATS) before testing in Aptima HPV (AHPV) and Aptima HPV 16, 18/45 (AHPV-GT) assays. Untreated SurePath specimens were tested with the cobas HPV test. PreservCyt specimens were assessed for cytology and tested with AHPV. High-grade cervical intraepithelial neoplasia lesions served as the reference standard. Excellent agreement (95.5%; k=0.91) was observed for ATS-treated SurePath specimens between Tigris and Panther systems and between the PreservCyt and ATS-treated SurePath specimens (91.1%, k=0.81) with the AHPV assay on Tigris. Agreement between the AHPV and cobas assays with SurePath specimens was substantial (89.9%, k=0.80). AHPV sensitivity for CIN2+(n=147) was 91.2% for SurePath and PreservCyt. Cobas HPV sensitivity was 93.9% for SurePath specimens. AHPV testing of SurePath specimens was more specific (59.4%) than cobas (54.7%) (p < 0.001). Detection and genotyping showed similar absolute and relative risks. ATStreated SurePath specimens tested with AHPV and AHPV-GT assays showed similar performance with greater specificity than cobas HPV on SurePath specimens. Similar overall results were seen using a CIN3 disease endpoint.
Introduction
The United States cervical screening guidelines recommend highrisk human papillomavirus (HR-HPV) testing after abnormal cytological results and HR-HPV co-testing of women 30 years and older [1] . ThinPrep PreservCyt (Hologic Inc., Marlbourgh, MA) and SurePath (Becton Dickinson, Sparks, MD) liquid-based cytology media are used for HR-HPV testing. Most HPV assays have been validated with ThinPrep PreservCyt specimens [2] and have also been approved by the US Food and Drug Administration (FDA). Some HPV detection assays have used SurePath specimens [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . However, testing for HR-HPV out of the SurePath vial using nucleic acid assays has been considered a laboratory developed test and discouraged by the FDA [13, 14] . Only recently has the cobas HPV test been approved by the FDA for the use with SurePath specimens for co-testing of women 30 years or older and also for reflex testing for women 21 years or older with an abnormal Pap result (http://fda.gov/news).
The Aptima HPV (AHPV) and the Aptima HPV 16 18/45 genotype (AHPV-GT; Hologic) assays detect E6/E7 messenger RNA (mRNA). The AHPV assay detects 13 of the most common HPV types, 16, 18, 31, 33, 35, 39, 45 , 51, 52, 56, 58, 59, and 68, as well as type 66 collectively. The AHPV-GT assay detects HR-HPV type 16 individually, and HR-HPV 18 and 45 together without differentiation. Both assays are approved by the FDA with PreservCyt specimens on Tigris DTS and Panther instruments (Hologic Inc). Both assays are also Conformite European (CE)-marked and approved by Health Canada for PreservCyt specimens and Aptima Cervical Specimen Collection and Transport (CSCT) samples.
The cobas HPV Test (Roche Molecular System, Pleasanton, CA) detects the same 14 oncogenic HPV genotypes as the AHPV assay but identifies types 16 and 18 individually from the other 12 h types and is approved by FDA and Health Canada and is CE marked for PreservCyt specimens [15] .
Because SurePath specimens contain ethanol and formalin, HPV DNA, RNA, and proteins may become cross-linked during storage [16] . This appears to be less problematic for DNA than for RNA assays [17, 18] . Extraction of RNA from SurePath samples after Proteinase K digestion has shown optimal recovery [18, 19] . AHPV testing of fresh untreated SurePath specimens and stored SurePath specimens heattreated with Fast Express reagent (Hologic) containing Proteinase K detected 95.2% (77.3-99.2) of CIN2+ cases compared to 95.5% (78.2-99.2) for paired PreservCyt specimens collected from the same patients [20] . Because of these findings, an Aptima Transfer Solution (ATS), containing proteinase K, was developed by Hologic to improve AHPV performance with SurePath specimens.
ATS-treated SurePath specimens were tested with AHPV and the AHPV-GT assays on Tigris DTS and Panther systems and compared to PreservCyt specimens collected from the same patients and cobas HPV testing of untreated SurePath. For the analysis, cervical intraepithelial neoplasia grade 2 or worse (CIN2+) was used as the disease endpoint. A subanalysis using a CIN3 endpoint was also conducted.
Materials and methods

Study population
Women 21 years of age or older referred for a colposcopic examination due to an abnormal Pap test, a previously positive HPV test, or other gynecologic reasons were invited to participate in the study. The study procedures were explained and only patients who provided a signed informed consent were enrolled. Enrollment was from the Hamilton Health Sciences Juravinski Hospital, Hamilton and the Thunder Bay Regional Health Sciences Centre, Thunder Bay, Ontario. The study was approved by the respective research ethics boards at both sites.
Specimen collection and processing
Cervical specimens were collected first into PreservCyt then into SurePath in accordance with the manufacturer's instructions using a spatula and cytobrush or a Cervex broom. A colposcopic exam was conducted and cervical biopsies were obtained per the sites' standard practices.
SurePath specimens were processed for HPV testing within 1-5 days of collection. For cobas HPV, two ml of each SurePath specimen were transferred into a 13 ml screw cap tube (Sarstedt, Ref# 60.540.500) in the Infections Research Laboratory (IRL) at St. Joseph's Healthcare in Hamilton, ON, and shipped on ice packs to the Newfoundland & Labrador Public Health Laboratory (NLPHL), St. John's, Newfoundland and stored refrigerated at 2-8°C until tested. For AHPV testing, 0.5 ml of each SurePath specimen was transferred into an Aptima specimen transfer tube containing 2.9 ml of specimen transport medium (STM, Hologic, Inc.). The Aptima samples were treated with ATS within 7 days of collection as per the manufacturer's instructions, and then tested with the AHPV and APHV-GT assays. PreservCyt samples were processed for cytology and tested with the AHPV assay according to the manufacturer's instructions.
HPV testing and genotyping
The cobas HPV test was performed per the manufacturer's instructions using untreated SurePath specimens. Testing was completed within 2 weeks of collection. AHPV and AHPV-GT assays were carried out at the IRL on the Tigris and Panther systems using ATS-treated SurePath specimens within 2 weeks of collection. Samples were tested with the AHPV assay first and AHPV positives were tested with the AHPV-GT assay. PreservCyt specimens were tested with AHPV within 2 weeks of collection.
Cytology and histology
The PreservCyt sample was examined and scored for cytology per the Bethesda system in the St. Joseph's Hospital Pathology Laboratory as follows: within normal limits (WNL), atypical squamous cells of undetermined significance (ASCUS), low-grade squamous cell intraepithelial lesions (LSIL), high-grade squamous cell intraepithelial lesions (HSIL), squamous cell carcinoma (SCC), or carcinoma in situ (CIS). Biopsies were stained with H & E and read by the institutes' pathologists. The histology slides were categorized negative, cervical intraepithelial neoplasia (CIN) grade 1, 2 or 3, and cancer. CIN 2+ was categorized as disease positive and a subanalysis of CIN3 was conducted: < CIN 2 was categorized as disease negative. Subjects with no visible lesions upon colposcopic exam, from whom a biopsy was not obtained, were considered disease negative.
Data analysis
Data were independently audited by a study monitor. Overall, positive and negative agreement between the AHPV results obtained with ATS-treated SurePath specimens were compared between the Tigris and Panther instruments, as well as AHPV assay results between ATS-treated SurePath and PreservCyt specimens. Positive and negative agreement was also determined between the AHPV and cobas HPV assays with SurePath specimens. The kappa statistic was calculated for each pairwise comparison. The clinical sensitivity, specificity, positive and negative predictive values for the AHPV assay and the cobas HPV test were calculated using McNemar's test to determine the comparative clinical performance using CIN as the reference standard. The absolute and relative risk of disease for various HPV result categorization for the AHPV and AHPV-GT assay were compared with those obtained with the cobas HPV test. Statistical analysis was performed using SAS 9.1.
Results
Enrollment was conducted over an 11 month period in 2014 with a total of 1667 women enrolled (Fig. 1 ). Eight were withdrawn and 309 excluded since no biopsy was taken or the biopsy could not be scored. This resulted in 1350 evaluable subjects for the study analysis. The mean age of the participants was 36.1 years (standard deviation 12.5 years, range 21-80 years, median 32 years). The proportion of women ≤30 years of age was 43.8%.
A total of 1345 paired samples were evaluated to compare ATStreated SurePath to PreservCyt specimens tested with the AHPV assay. Table 2 shows that the clinical sensitivity for a CIN2+ disease endpoint of the AHPV assay with both ATS-treated SurePath and PreservCyt specimens was 91.2% compared to 93.9% for the cobas HPV test (89.6% compared to 94.8% for CIN3). The specificities for the AHPV assay were 59.4% for ATS-treated SurePath and 60.9% for PreservCyt compared with 54.7% for cobas HPV (p < 0.001). Similar statistical differences were observed for CIN3. Table 3 shows that the absolute risk of CIN2+ among those testing positive with the AHPV assay on Tigris using the ATS-treated SurePath specimens was 21.7% (18.6-25.1) compared to 20.3% (17.5-23.5) for those testing positive with the cobas HPV test performed on untreated SurePath specimens. Among those testing assay negative, the corresponding absolute risk for CIN2+ were 1.8% (1.0-2.9) for Aptima and 1.3% (0.7-2.4) for cobas. The relative risk of disease in test-positive versus test-negative cases was estimated at 12.1 (6.9-21.1) for the AHPV assay and 15.0 (7.7-29.1) for the cobas HPV test. Similar differences were observed by the CIN3 subanalysis (supplemental tables).
Genotype-specific absolute risk of CIN2+ was 32.1% (26.9-37.8) for those testing positive for types 16 and/or 18/45 by the AHPV-GT assay compared with 31.0% (26.1-36.4) testing positive for types 16 and/or 18 by the cobas HPV assay when testing SurePath samples (Table 4) . For other high risk types, the absolute risks for Aptima and cobas assays were 13.1% (9.8-17.2) and 11.9% (9.3-14.7), respectively for those testing positive and 1.7% (1.0-2.9) and 1.3% (0.7-2.5) respectively for those testing negative. Table 4 also compares the genotype-specific relative risk of CIN2+ for the AHPV-GT and cobas assays on SurePath specimens. The relative risk of being positive for the designated genotypes and negative for the other oncogenic types was 19.3 (10.7-34.7) for the AHPV-GT assay and 23.0 (11.8-44.9) for the cobas test. The values for each assay were relatively similar for being positive for the designated types and positive for the other oncogenic types. Being positive versus negative for the other oncogenic types yielded similar values between the two assays. Similar results for absolute risks based on HPV genotypes were seen using a CIN3 endpoint (supplementary data).
Discussion
The results from this study which evaluated Aptima assay performance in a referral population with both SurePath and PreservCyt specimens yielded sensitivity estimates of 91.2% for both ATS-treated SurePath and PreservCyt specimens for 147 women with a CIN2+ disease designation, with similar estimates for CIN3 (Table 2) . These values are similar to estimates reported in previous studies with the Aptima assay [2, [21] [22] [23] [24] . This is the first study comparing Aptima with ATS-treated SurePath specimens to the cobas HPV test performance with SurePath specimens. The sensitivity of the cobas HPV test using SurePath specimens was 93.9%, which was not statistically different than the AHPV results (p=0.488). In contrast, the specificity estimates of the AHPV assay with PreservCyt specimens (60.9%) and with ATStreated SurePath specimens (59.4%) were statistically higher than the 54.7% observed for cobas HPV (p < 0.001). Similar trends were observed using a disease endpoint of CIN3 (Table 2) . Using a disease endpoint of CIN 2+, the Predictors 4 study by Cuzick et al. [12] reported the sensitivity and specificity of the AHPV assay with PreservCyt specimens as 97.7% and 30.4%, respectively, as compared to SurePath samples treated with Fast Express Proteinase K (sensitivity, 93.1%; and specificity, 35.4%). The ATS-treatment of SurePath specimens described in this study also utilizes treatment with a proteinase K solution, however the procedure and workflow for ATS treatment is improved as compared to the Fast Express treatment described previously [12, 20] . Significant absolute and relative risks for disease were observed for the two assays with SurePath specimens (Table 3 ). An analysis of genotyping results from the two systems (Tables 4) showed similar, and significant absolute and relative risks of disease based on the categorization of high-risk genotypes from each assay. These results are consistent with observations with PreservCyt specimens [25] When tested with the AHPV assay, PreservCyt and ATS treated SurePath samples showed substantial agreement overall (91.1%; k=0.81) ( Table 1 ). The overall agreement between AHPV and cobas HPV testing of SurePath specimens was substantial (89.9%; k=0.80) and similar to previously reported results with PreservCyt specimens (90.9%, k=0.81) [26] .
On July 7, 2016, the FDA approved cobas HPV testing of SurePath collected cervical samples for women 21 years and older with ASCUS cytology and for women 30 years and older undergoing adjunctive testing with cytology (co-testing). (http://www.fda.gov/NewsEvents/ Newsroom/Press/Announcements/ucm510215.htm). Approval was based on 952 eligible women 21 years and older with abnormal Pap results by showing agreement between the SurePath and PreservCyt samples (95.4 positives and 93.2 negatives). Similar agreements were observed in our study between ATS-treated SurePath samples and PreservCyt specimens tested by AHPV ( Table 1) .
The results from this study demonstrated excellent overall agreement for the AHPV assay with ATS-treated SurePath samples between the Tigris and Panther instruments (Table 1, 95.5% agreement; k=0.91) and the results are comparable to the cobas platform. The Tigris is a high volume batch-mode instrument whereas the Panther is a continuous load, random access platform. Both are able to process ATS-treated SurePath samples with the AHPV and AHPV-GT assays efficiently with high agreement.
A limitation of our study was that p16 staining of the tissue samples was not performed and histology was not reviewed by a panel of pathologists to provide consensus of scoring. Another limitation was that most of the women with a normal colposcopy did not have a biopsy taken and were assumed to be disease negative. It is possible that some percentage of disease would have been present in those women. SurePath specimens in the study were not processed for cytology before HPV testing, but the processing step does not create variable volumes for testing and would not likely have impacted the similarity of performance of the different tests. The study was robust with a substantial enrollment and a high number of women with disease. We were able to collect both SurePath and PreservCyt specimens from each woman which allowed appropriate cytology and HPV evaluation using PreservCyt [15] and provided the ability to compare AHPV and AHPV-GT testing of ATS-treated SurePath with cobas HPV testing of SurePath. This careful comparison showed that AHPV testing of ATS-treated SurePath samples provided similar results to AHPV testing of PreservCyt specimens and cobas HPV testing of SurePath samples, with better specificity. The absolute and relative risks for CIN2+ were similar for each assay and their high risk genotyping components.
Conclusion
ATS-treated SurePath specimens and PreservCyt specimens tested with AHPV and AHPV-GT assays showed similar performance for each specimen type. Results from Tigris and Panther instruments showed excellent agreement. Percent absolute and relative risk for HR-HPV detection and genotyping were comparable for the 2 assays. For treated SurePath specimens, the AHPV assay had similar sensitivity to the cobas HPV test but was more specific.
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